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1

APPARATUS FOR THERMAL DESTRUCTION OF
WASTE

BACKGROUND OF THE INVENTION

I. Field of the Invention

The present invention relates generally to an appara-
tus for the thermal destruction of waste. More particu-
larly, the invention concerns a novel afterburner appa-
ratus for removing pollutants from bio-medical and
industrial waste streams by high temperature thermal
destruction, optionally using hydroxy gas, in lieu of
atmospheric air.

DISCUSSION OF THE INVENTION

Industries throughout the world have come under
increasing regulatory pressure to limit the quantities of
pollutants discharged to the surrounding environments.
Of particular concem is the removal from industrial
waste streams of priority pollutants such as polyaro-
matic hydrocarbons (PAH), pesticides, heavy metals,
volatile organic compounds (VOC), and PCB, to name
but a few. The thrust of the present invention is to re-
move these priority pollutants from gaseous emissions
by high temperature thermal destruction, optionally
using hydroxy gas, that is, a gaseous mixture of hydro-
gen and oxygen mixed with natural gas, or other fuels.

While the use of hydroxy gas to accomplish high
temperature burning is not new, the use of this gasin a
closely controlled environment for the highly efficient
thermal destruction of priority poilutants presents here-
tofore largely unexplored possibilities.

SUMMARY OF THE INVENTION

The apparatus of the present invention comprises a
novel burner and assembly of unique configuration of
chambers within which waste and gaseous emissions are
thermally destroyed.

In the simplest form, the invention comprises a water
cooled burner having inlet means of injecting hydrocar-
bon fuel, hydrogen and oxygen as a primary burner for
ignition and heating of wastes to reduce them to gas and
ash in a Primary Combustion Chamber suited to the
purpose.

The first injection means 1s a novel design comprising
an annular-shaped injector member having a circumfer-
entially extending first dual water circulating passage-
ways for circulating cooling water through the injector
member.

At first, circumferentially extending triple gas pas-
sageways for directing the flow of fuel gas, hydrogen
and oxygen around the injector member and plurality of
circumferentially spaced angularly inwardly extending
first gas passageways in communication with each of
the first circumferentially extending gas passageways
for directing the flow of the mixture of the hydrocarbon
gas, hydrogen and oxygen inwardly of said injector
member 1n a generally conically shaped pattern.

The assembly also includes ignition means for 1gnit-
ing the mixture of hydrocarbon gas, hydrogen and oxy-
gen, whereby waste introduced into said Primary Com-
bustion Chamber is pyrolyzed to produce waste gas
which 1s removed through an outlet port.

Sensing means are provided for sensing temperatures
within the Primary Combustion Chamber and sensing
means may be provided for sensing the level of contami-
nates contained within the pyrolyzed waste gas.
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A shghtly more complex form of the invention in-
cludes a Secondary (after burner) Combustion Chamber
of unique configuration disposed between the Primary
Combustion Chamber and the outlet port for receiving
gases flowing from said Primary Combustion Chamber
along a flow path extending between said Primary and
Secondary Chamber.

After burner/secondary injection means are con-
nected to the Secondary Combustion Cheer for con-
trolled injecting into the Secondary Combustion Cham-
ber selected gases to enhance thermal destruction of
contaminates contained within the gas flowing into the
Secondary Combustion Chamber.

Provision is also made for recirculating still contami-
nated gases back through the secondary chamber, if
necessary, including injection of selected particulate
particles to further enhance destruction of contam-
nates.

With this summary description of the apparatus of the
invention in mind, it is an object of the present invention
to provide a novel apparatus for removing contaminates
from industrial waste stress by thermal destruction in
which contaminated waste emission gases are controlla-
bly intermixed with hydroxy gas and natural gas and the
mixture thus formed ignited 1n the absence of air within
combustion cheers of unique design.

Another object of the invention is to provide an appa-
ratus of the aforementioned character in which the
gaseous mixture i1s coantrollably introduced into the
combustion chambers in a manner to optimize the safe
and complete destruction of the contaminates.

Another object of the invention is to provide an appa-
ratus as described in the preceding paragraph in which
the injector assembly used to immject the gases into the
combustion chamber 1s uniquely cooled.

Still another object of the invention 1s to provide an
apparatus in which the injector assembly is uniquely
designed to cause the gaseous mixture to flow along a
predetermined conical shaped path thereby ensuring
highly efficient and effective combustion.

Another object of the invention 1s to provide an appa-
ratus comprising a plurality of interconnected system
components of unique design that will permit selective
recycling of the combustion products flowing through
the apparatus to achieve complete thermal destruction
of contaminants.

Another object of the invention is to provide an appa-
ratus for thermal destruction of industrial waste con-
taminates which is both efficient and reliable in opera-
tion, 1s of simple design, and can be economically con-
structed and operated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded plan view of one form of the
apparatus of the invention;

FIG. 2 1s a cross-sectional view of one of the inlet
sections of the apparatus;

FIG. 3 is an end view of the section shown 1n FIG. 2;

FIG. 4 1s a cross-sectional view of another of the inlet
sections of the apparatus of FIG. 1;

FIG. S is an end view of the section shown in FIG. 4;

FIG. 6 is a greatly enlarged cross-sectional view of
the injector means or ring injector assembly of the appa-
ratus:;

Fi1G. 7 is an enlarged cross-sectional view taking
along lines 7—7 of FIG. 6;

FIG. 8 1s a cross-sectional view of the reducing means
or reducing throat section of the assembly of FIG. 1;
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FIG. 9 1s an end view of the throat section shown in
FIG. §;

FIG. 10 i1s a cross-sectional view of the expansion
section of the assembly in FIG. 1;

FIG. 11 1s an end view of the expansion section of 5
FIG. 10;

FIG. 12 i1s a cross-sectional view of one of the 90
degree elbow components of the assembly of FIG. 1;

FIG. 13 is an end view of the elbow shown in FIG.
12: 10

FIG. 14 is a cross-sectional view of the cooling means
or heat exchanger section of the assembly 1n FIG. 1;

FIG. 15 1s an end view of the section shown in FIG.
14;

FIG. 16 is a front view of the flat face injector com- 15
ponent of the assembly of FIG. 1;

FIG. 17 1s a cross-sectional view taken along lines

17—17 of FIG. 16.

DESCRIPTION OF THE INVENTION

Referring to the drawings and particularly to FIG. 1,
one form of the apparatus for pyrolyzing waste materi-
als comprises three, spaced-apart, generally cylindrical
shaped, interconnected combustion chambers 12, 14
and 16 and first inlet means for introducing gaseous 25
waste materials into the apparatus. In the present form
of the invention, the inlet means comprises a generally
cylindrically shaped section 18 and a generally T-
shaped section 20 which is interposed between section
18 and first combustion chamber 12. 30

As indicated in FIG. 1, first combustion chamber 12
comprises two portions 12ag and 12b, which are sepa-
rated by the first injection means of the invention for
injecting combustible gases such as a mixture of hydro-
gen and oxygen into portion 12b of the first combustion 35
chamber 12. Gaseous hydrocarbons such as natural gas
and propane can also be introduced into the system via
the 1njection means. Disposed adjacent portion 12b of
combustion chamber 12 is a first reducing means for
reducing the diameter of the size of the flow path of the 40
gases flowing toward second combustion chamber 14.
The details of construction of this first reducing means
will presently be described.

In the embodiment of the invention illustrated in the
drawings, the contaminate-bearing waste gases to be 45
treated are introduced into T-section 20 through a first
port 20a.

Introduced into a second port 205 of section 20 is a
burning gas produced by a natural gas or propane
burner generally designated in FIG. 1 by the numeral 50
24. Burner 24 is of conventional construction and gener-
ates a blast of burning gas which is located inwardly of
portion 12a of the combustion chamber. More particu-
larly, the blast of burning natural gas or propane enters
member 20 through port 20¢q, exits member 20 through 55
outlet port 20c and then enters portion 12a of the first
combustion chamber 12 via inlet port 12¢. In the present
- embodiment, gas burner 24 comprises a part of the igni-
tion means of the invention for igniting the natural gas
as well as the mixture of hydrogen and oxygen intro- 60
duced into combustion chamber 1256 by the first injec-
tion means which is here provided in the form of an
annular shaped injector member 26 which is disposed
intermediate sections 12z and 12b of combustion cham-
ber 12. The details of construction of this important 65
mjector member 26 will presently be described.

In a modified embodiment, the burner 24 may be
omitted and be replaced by an air-blast pre-purge (to

20
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remove resident ignitable gases prior to initial ignition
or restraint). A similar arrangement is also possible 1n
the primary combustion chamber 12 if it fired by an
injection member 26 instead of (conventional) atmo-
spheric air/hydrocarbon fuel. This enables a single air
blower to purge both chambers. '

Connected downstream of the first reducing means of
the invention is a first expansion means which receives
the first combustion product, or pyrolyzed product,
produced in combustion chamber 12 as a result of the
pyrolyzation of the waste gases. This means functions to
permit the controlled expansion of the gases along the
gas flow path or the apparatus. Connected to the expan-
sion means is a cooling means for cooling the first pyro-
lyzed or combustion product which is produced in
combustion chamber 12. After cooling, the pyrolyzed
product can, in some cases, be vented directly to atmo-
sphere. In other instances, it is necessary to subject the
pyrolyzed product to further treatment before ifs re-
lease to atmosphere. The apparatus shown in FIG. 1
contemplates this further treatment of the pyrolyzed
gases and, therefore, the pyrolyzed product after pass-
ing through the cooling means is introduced into a sec-
ond injector means here comprising a generally T-
shaped section 30. This second injector means functions
to introduce into the flow path a selected mixture of
combustible gases. Section 30 also functions to direct
the pyrolyzed products flowing from the cooling means
into second combustion chamber 14 via a third injection
means shown here as an annular shaped injector 32,
which is of identical construction to injector member
26. Disposed intermediate T-shaped section 30 and the
cooling means, which here comprises a generally cylin-
drically shaped section 34 is an elbow 36 and a portion
of the recirculation means of the invention, the con-
struction of which will be described in the paragraphs
which follow.

Within combustion chamber 14, the pyrolyzed prod-
ucts flowing from the first combustion chamber are
further pyrolyzed to secondarily treat contaminants
that may remain within the pyrolyzed product emanat-
ing from the first combustion chamber. To assist in this
second pyrolyzation step, the second injector means can
be used to introduce a selected mixture of chemicals and
combustible gases into the second combustion chamber
as determined by the needs of the process via an ilet
port 30a of T-shaped section 30. In a manner presently
to be described, the gases introduced into inlet port 30a
of flow through third injection means, or refractor ring
32 and an expansion means Or expansion section 39 prior
to reaching combustion chamber 14.

An mmportant feature of the apparatus of the present
invention comprises recirculation means for recirculat-
ing back to the second combustion chamber to the pyro-
lyzed product flowing out of the second combustion
chamber 14. The recirculation means here comprises
first and second recirculation sections 40 and 42 and a
flow conduit 44 which interconnects sections 40 and 42
in the manner shown in FIG. 1. Section 40 is disposed
between elbow 36 and 1nlet port 305 of section 30, while
section 42 1s interconnected to the outlet port of a sec-
ond reducing means or reducing section 46.

The second injection means of the invention for in-
jecting the selected mixture of chemicals and combusti-
ble gases into the system here comprises a flat face
injector assembly 50 which is connected to inlet port
302 of member 30. As best seen in FIGS. 16 and 17,

injector assembly S0 comprises a stainless steel injector
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plate 52 having three circular gas manifold injectors
Sda, 540, S4c, a circular waste channel 56 and a centre
hole or injection port 58. Centre hole 1njection port
allows the injection of compressed air, if needed, to
introduce into the system selected materials such as
iron, dust or pulverised coal, which function to enhance
hydrogen formation. Gases flowing through manifolds
S4a, 546 and 54c¢ are injected into member 30 via a mul-
tiplicity of circumferentially and radially spaced iniets
generally designated in FIG. 16 by the number 57. If the
pyrolyzed products flowing from chamber 14 are recy-
cled via the previously-mentioned recycling means, that
is from recycling section 42 to recycling section 40 via
conduit 44, these recycled pyrolyzed products are fur-

10

ther pyrolyzed within chamber 14 by the mixture of 15

hydroxy gases introduced by ring injector 32 and mix-
ture of selected chemicals and gases introduced into the
system via the flat face imnjector assembly.

Following the further pyrolyzation of the pyrolyzed
product within chamber 14, the product thus formed
can, under some circumstances, be introduced to atmo-
sphere, or alternatively be directed toward the previ-
ously identified third combustion chamber 16 for still
further pyrolyzation, in a manner presently to be de-

scribed, to make this determination. The pyrolyzed
product flowing outwardly from combustion chamber

14 1s caretully analyzed by appropriate sensor means to
determine the level of contaminants present within the
waste product or pyrolyzed product flowing outwardly
of chamber 14. Similarly, pyrolyzed product flowing
outwardly of combustion chamber 16 is carefully ana-
lyzed using appropniate sensor means to determine the
level of contaminates present in the gas flow. When the
product meets acceptable ievels of contamination, the
finally treated product is released into atmosphere
through suitable outiet means, here shown as an outlet
port 16¢ of third combustion chamber 16.

Turning now to FIGS. 6 and 7, the important first
injection means of the mvention for injecting hydrogen
and oxygen gas into the first combustion chamber is
there illustrated. The injection means in FIGS. 6 and 7
i1s 1dentical to the third injection means identified in
FIG. 1 by the numeral 32 and the description of the
injector assembly 26, which follows, also describes the
construction of injector assembly 32. The injector as-
sembly 1n both cases comprises a cylindrically shaped
steel casing 60 having connector flanges 62 and 64 af-
fixed to each end by any suitable means such as welding.
The ring injector assembly 66 i1s supported generally
centrally of casing 60 by a cast refractory material of a
character well known to those skilled in the art. Sur-
rounding refractory material 68 is a suitable insulation
material 70 which may be glass wool, carbon, graphite
or any other suitable high-temperature insulation mate-
rial.

As best seen 1n FIG. 6, injector assembly 66 com-
prises an annular shaped, steel injector ring 72 having
circumferentially extending first and second water cir-
culating passageways or channels 74, 74A, cooling
water conduits 76, 76A, which are in communication
with channel 74, 74A extend through the refractory
material, the insulation, and the outer casing so that
they can be interconnected with a sutable external
source of cooling water. As can be seen by also refer-
ring to FIG. 7, ring 72 1s also provided with first, second
and third circumferentially extending gas passageways
78, 78A and 80. Gas passageways 78, 78A are intercon-
nected with gas conduits 82, 82A which extend through
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refractory material 68, insulation material 70 and outer
casing 60 for interconnection with suitable sources of
hydrogen and oxygen. Passageway 80 1s similarly inter-
connected with a gas conduit 84 which extends through
refractory 68, insulation layer 70 and outer casing 60 for
interconnection with the source of hydrocarbon gas,
e.g. natural gas, propane. It is to be understood that the
source of gas for passageways 78, 78 A may be a mixture
of hydrogen and oxygen, i.e. hydroxy gas.

The gas tflowing through gas passageways 78, 78A
and 80 1s uniquely injected into the interior of the injec-
tion means via a plurality of circumferentially spaced
angularly inwardly extending gas passageways. These
passageways are identified in FIG. 7 by the numerals 87,
87A and 89. Passageways 87, 87 A and 89 communicate

with circumferentially extending gas passageways 78,
78A and 80, respectively. As best seen in FIG. 6, gas
passageways 87, 87A and 89 are umiquely angled so that
gas flowing through passageways 78, 78A and 80 is
directed mwardly of the injection means in a generally
conically shaped pattern of the character depicted by
the arrows 79 of FIG. 6. This geometrical configuration
provides optimum impingement for the efficient injec-
tion of the gases into the flow path of the gaseous waste
flowing mto portion 126 of combustion chamber 12.
This optimum impingement angle is designated in FIG.
6 by the numeral 90 and preferably is in the order of
about 25 degrees relative to the longitudinal axis of the
injector ring. It is important to recognize that the injec-
tor means of the invention can be used fo inject any
desired gaseous mixture into the apparatus and 1s not
limited to the injection of clean hydrogen, oxygen (or
hydroxy) and/or hydrocarbon. gases.

As previously mentioned, and as clearly shown in
F1G. 6, the first injector means 1s disposed intermediate
first and second portions of combustion chamber 12 and
is interconnected therewith by suitable connectors 92
which interconnect flanges 62, 64 with mating flanges
94 provided on the first and second portions of combus-
tion chamber 12 (FIG. 6). Flanges of the character
shown in FIG. 6 are provided proximate the ends of the
outer steel casings of all of the various components of
the assembly shown 1n FIG. 1 and connectors such as
connectors 92 are used to interconnect the components
which make up the assembly.

Turning now to FIGS. 1, 2 and 3, the construction of
the previously mentioned three-way blast section or
generally T-shaped member 20 shown in FIG. 1 is illus-
trated in greater detail in FIGS. 2 and 3. This member
functions to introduce into the system the waste emis-
stons from an oven, kiln or like Mission producing de-
vice (not shown) which 1s suitably interconnected with
inlet port 18z of member 18. Member 18 1s, 1n turn,
connected to inlet 20a of member 20 in the manner
shown in FIG 1. Preferably, member 20 is of the config-
uration shown in FIGS. 2 and 3 and comprises a vertical
section 204 which is connected to a horizontal section
20e via a diagonal section 20f (FIG. 2). The preferred
angle of connection of sections 200 and 20/ is approxi-
mately 30 degrees. Ends 20q, 205 and 20c¢ are flanged in
the manner previously described for easy assembly to
the other previously-mentioned components of the ap-
paratus of the mvention.

As was the case with the injection means or section
26 of the invention, the three-way blast section 20 com-
prises an outer steel casing 96, an inner refractory layer
98 and an insulation layer 100. The gas flow path of this
component is defined by the interior passageways of
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refractory lining 98. As previously mentioned, gas
burner 24 is connected to port 205 of member 20, while
straight section member 18 is connected to inlet port
20a of member 20.

Referring to FIGS. 4 and 5, inlet section 18 is gener- 5
ally cylindrical in shape, is flanged at both ends and
comprises and outer steel casing 102. Disposed within
casing 102 is a refractory layer 104 and an insulation
layer 106 of the character previously described. The
flanged ends of section 18 permit it to be readily inter-
connected with the flange provided at inlet 202 of mem-
ber 20 and also with the outlet of the source of waste gas
emissions such as oven, kiln or the like. As best seen in
FIG. 1, section 18 is also provided with probe ports 110
and 112 which can receive selected sensor means in the
form of sensing probes for monitoring the pollution or
contaminate levels and the temperature levels of the
gases flowing into section 18 from the source of the
- waste gases. These probes or sensor means are of a
character well known to those skilled in the art and are 20
readily commercially available. Proximate one end of
section 18, there is also provided a butterfly actuated
valve 114 for controlling the rate of flow of waste gases
toward the first combustion chamber. Butterfly valve
114 is also of a type well known to those skilled i the 25
art and, accordingly, the details of construction thereof
will not be herein described.

The first portion 12¢ of combustion chamber 12 also
has a configuration similar to section 18 as shown in
FIGS. 4 and 5. More particularly, portion 12¢ is lined
with a refractory material and an insulating material and
includes an outer steel casing—all of the character pre-
viously described. Additionally, section 124 1s provided
with probe ports 110 and 112 for receiving suitable
sensor means or sensor probes for measuring contami-
nation levels and temperature levels of the waste gases
flowing through portion 12g of the combustion cham-
ber.

Turning now to FIGS. 8 and 9, the construction of
the second portion 125 of the combustion chamber and 40
of the first reducing means of the invention is there
shown. The construction of portion 12a is similar to that
of the previously described section components and
includes an outer steel casing 116, an inner refractory
lining 118, and an intermediate insulation lining 120.
Portion 12a is flanged at both ends for easy interconnec-
tion with the adjacent components of the apparatus in
the manner shown in FIG. 1. An important aspect of the
apparatus of the invention, as shown in FIG. 8, is the
reducing means, which is here provided as a reducing 50
throat section 122. Section 122 is disposed interiorly of
the gas flow passageway of section 12a and is preferably
constructed of a rigid carbon or graphite material hav-
ing the generally necked down configuration shown in
FIG. 8. As previously mentioned, the reducing means 55
or graphite section 122 functions to reduce the size of
the gas flow path from a diameter designated in FIG. 9
as D1 to a diameter proximate the centre of the throat
portion 22 which is designated as D2. This reducing
means functions to increase the speed of the gases flow-
ing through diameter D2. At the same time, means for
introducing combustible gases into throat portion in-
creases the temperature of the gases flowing outwardly
of throat section 122. This latter means here comprises
a pair of injectors 124 which are disposed on opposite
sides of throat member 122 in the manner best seen in
FIG. 8. Injectors 124 are connected with a suitable
source of combustible gas such as hydroxy gas or a
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mixture of hydroxy gas and natural gas and include inlet
passageways 126 which extend through casing 116,
insulation layer 120, refractory layer 118 and graphite
throat section 122. As bet seen 1n FIG. 8, passageways
126 are strategically configured so as to cause gas to
flow angularly inwardly into the reduced diameter gas
flow path D2.

Connected downstream of reducing means or throat
section 122 is an expansion means for increasing the size
of the flow path from D2 to approximately D3 (FIG.
10). Referring to FIGS. 10 and 11, the first expansion
means of the invention is there shown and comprises a
generally bel-shaped section 130 which includes an
outer steel casing 132 which is flanged at both ends for
interconnection with adjacent components. The smaller
diameter flanged end 132z of section 130 interconnects
with portion 125 of combustion chamber 12 in the man-
ner indicated in FIG. 1. The larger diameter flanged
end 1326 of section 132 interconnects with a similar
configured section identified in FIG. 1 by the numeral
131. Section 131 is of identical construction to section
132 and includes a flanged end 1316 which is intercon-
nected with flanged end 1324 of section 130. Smaller
diameter flanged end 131a of section 131 is, mn turn,
interconnected with end 34a of the cooling means of the
invention shown here as heat exchanger assembly 34.
Sections 130 and 131 both includes refractory and insu-
lation liners of the character previously described and
as shown in FIGS. 10 and 11.

Referring now to FIGS. 14 and 185, the cooling means
or heat exchanger section of the apparatus comprises an
outer steel casing 136 which is flanged on either end.
Disposed internally of casing 136 is an inner refractory
layer 138 and an insulation layer 140, both of a charac-
ter previously described herein. Carried internally of
refractory material 138 is an elongated water carrying
coil 142 having a plurality of longitudinally spaced coils
extending along the length of heat exchanger section 34.
A water inlet 144 is connected at one end of coil 142
while a water outlet connector 146 1s connected at the
opposite end of coil 142. Water flowing through coil
142 will tend to cool the waste gases or pyrolyzed prod-
uct flowing from combustion chamber 12. The water
flowing through coil 142 will be heated by the hot gases
flowing along the flow path and, in one form of the
invention, can be used to preheat the hydrogen gas
before its injection into the system, thereby gaining
kinetic energy. In like manner, the heated water flowing
through coil 142 can be used for a variety of heating
purposes.

As indicated in FIG. 1, end 34b of heat exchanger 34
is interconnected with previously mentioned elbow 36,
the configuration of which is illustrated in FIGS. 12 and
13. Elbow 36, like the previously described component
of the apparatus, includes an outer steel casing 150
which carries an inner refractory lining 152 and an
insulation layer 154. Steel casing 150 1s appropriately
flanged at either end for interconnection with adjacent
components of the assembly in the manner shown in
FIG. 1. Disposed intermediate elbow 36 and T-shaped
member 30 is the previously identified recycling recir-
culating component 40. |

In operation, gases flowing from the heat exchanger
section 34 as well as gases flowing from recirculating
section 42 are introduced into combustion chamber 14
via expansion unit 39 which is of the same construction
as the sections illustrated in FIGS. 10 and 11 and desig-
nated by the numerals 130 and 131.
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As indicated 1in FIG. 1, the output end 39¢ of expan-
sion section 39 is connected to second combustion
chamber 14. Similarly, the output end 14¢ of combus-
tion chamber 14 is connected to the in-put end 46a of
yet another reducing means generally designated in
FIG. 1 by the numeral 40. Reducing means, or section
46 1s also of identical comstruction to that shown in
FI1GS. 10 and 11 and function to reduce the diameter of
the gas flow path as the gas flows from second combus-
tion chamber 14 into section 42 and thence into recircu-
lation section 42. As previously mentioned, second
- combustion chamber 14 is provided with sensor probe
ports 110 and 112 to receive sensors adapted to measure
contamination and temperature levels of the gases flow-
ing through the combustion chamber. In those instances
where analysis of the gases indicate that recycling is not
necessary, the pyrolyzed product flowing from com-
bustion chamber 14 will flow directly into an elbow 160
which is of the same construction illustrate in FIGS. 12
and 13 and previously described herein. The outlet 160a
of elbow 160 1s connected to a four injector means 162
which is disposed between elbow 160 and third combus-
tion chamber 16. Injector section 162 is of identical
construction to the injector assembly shown in FIGS. 6
and 7 and functions to introduce a mixture of hydroxy
gas or a mixture of hydroxy gas and gaseous hydrocar-
bons into third combustion chamber 16. Third combus-
tion chamber 16 is also provided with probe ports 110
and 112 which receive appropriate sensor probes to
enable measurement of contaminate and temperature
levels of pyrolyzed product flowing through combus-
tion chamber 16. If the pyrolyzed gas flowing through
combustion chamber 16 meets required environmental
standards, it 1s expelled to atmosphere. If the levels of
contaminates exceed those permitted by applicable en-
vironmental standards, a butterfly valve 163 provided
on combustion chamber 16 i1s immediately closed down
and the pyrolyzed product flowing from second cham-
ber 14 1s recycled through the recycling means which
has previously been described.

The pyrolyzed product flowing from combustion
chamber 14 can be recyclyed as many times as neces-
sary to ensure that the levels of contamination are
below prescribed levels before the products are released
to atmosphere through outlet means 16a.

It is to be understood that depending upon the waste
materials to be treated, a wide variety of combustible
gases can be used to pyrolyze the waste materials. Simi-
larly, various chemicals can be added to the gas flow via
injector assembly $50. The sensor means of the apparatus
of the invention which are strategically located within
the various interconnected sections of the apparatus can
be used to closely monitor contamination levels of the
gas flow as 1t flows through the system and thereby
continuously guard against introduction to atmosphere
of contaminates exceeding specified levels.

Having now described the invention in detail in ac-
cordance with the requirements of the patent statutes,
those skilled in this art will have no difficulty in making
changes and modifications in the individual parts or
their relative assembly in order to meet specific require-
ments or conditions. Such changes and modifications
may be made without departing from the scope and
spirit of the invention, as set forth in the following
claims.

We claim:

1. An apparatus for thermal destruction of waste,
comprising:
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(a) a first combustion chamber;

(b) inlet means for introducing waste into said first
combustion chamber;

(c) first injection means for injecting a mixture of
hydrogen and oxygen into said first combustion
chamber, said first injection means comprising an
annular-shaped injector member having:

(1) a first circumferentially extending water circu-
lating passageway for circulating cooling water
through said injector member;

(11) first and second circumferentially extending gas
passageways for respectively directing flow of
hydrogen and oxygen around said injector mem-
ber; and

(1) a plurality of circumferentially spaced angu-
larly inwardly extending first and second gas
passageways In communication with said first
and second circumferentially extending gas pas-
sageways for respectively directing the flow of
said hydrogen and oxygen inwardly of said in-
jector member in a substantially conically shaped
patiern;

(d) ignition means located in the first chamber for
igniting said hydrogen and oxygen, whereby the
waste mtroduced into said first combustion cham-
ber is pyrolyzed to produce a pyrolyzed product;
and

(e) outlet means for expelling said pyrolyzed product
from the first chamber.

2. An apparatus as defined in claim 1 in which said
injector member further inciludes a third circumferen-
tially extending gas passageway for directing flow of a
mixture of hydrocarbon gas around said injector mem-
ber; and

a plurahty of circumferentially spaced, angularly
inwardly extending gas passageways in communi-
cation with said third circumferentially extending
gas passageway for directing the flow of the hydro-
carbon gas inwardly of said injector member 1 a
substantially conically shaped pattern;

said first water circulating passageway being dis-
posed intermediate said first and second gas pas-
sageways; and

a second circumferentially extending water circulat-
ing passageway being disposed intermediate said
second and third gas passageways.

3. An apparatus as defined in claim 1 further includ-
Ing sensor means for sensing temperatures affixed
within said first combustion chamber and for sensing
the level of contaminates contained within the pyro-
lyzed waste.

4. An apparatus as defined in claim 1 and further
including a second combustion chamber disposed be-
tween said first combustion chamber and said outlet
means and configured for receiving gases flowing from
said first combustion chamber along a flow path extend-
ing between said first and second chambers.

5. An apparatus as defined in claim 4 and further
including second injection means connected to said
second combustion chamber for injecting ito said sec-
ond combustion chamber selected gaseous and particu-
late materials.

6. An apparatus as defined in claim § and further
including reducing means disposed intermediate said
first and second combustion chambers for reducing the
size of the said flow path at a location intermediate said
first and second combustion chambers.
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7. An apparatus for thermal destruction of waste,

comprising:

(a) a first combustion chamber;

(b) inlet means for introducing waste into said first
combustion chamber;

(c) first injection means for injecting a mixture of
hydrogen. and oxygen into said first combustion
chamber, said first injection means comprising an
annular-shaped injector member having:

(1) a first circumferentially extending water circu- 10

lating passageway for circulating cooling water
through said injector member;

(ii) first and second circumferentially extending gas
passageways for respectively directing flow of
hydrogen and oxygen around said injector mem-
ber; and

(it1) a plurality of circumferentially spaced angu-
larly inwardly extending first and second gas
passageways in communication with said first
and second circumferentially extending gas pas-
sageways for respectively directing the flow of
satd hydrogen and oxygen inwardly of said in-
jector member in a substantially conically shaped
pattern;

(d) ignition means located in the first chamber for
igniting said hydrogen and oxygen, whereby the
waste introduced into said first combustion cham-
ber 1s pyrolyzed to produce a pyrolyzed product;

(e) outlet means for expelling said pyrolyzed product
from the first chamber;

(f) a second combustion chamber disposed between
said first combustion chamber and said outlet
means and configured for receiving gases flowing

from said first combustion chamber along a flow
path extending between said first and second cham-
bers;

(g) a second injection means connected to said second
combustion chamber for injecting into said second
combustion chamber selected gaseous and particu-
late matenals;

(h) a reducing means disposed intermediate said first
and second combustion chambers for reducing the
size of the said flow path at a location intermediate
said first and second combustion chambers; and

(i) means for introducing combustible gases into said
flow path at said intermediate, reduced size loca-
tion.

8. An apparatus for thermal destruction of waste,

comprising;:

(a) a first combustion chamber;

(b) inlet means for introducing waste into said first
combustion chamber:

(c) first injection means for injecting a mixture of
hydrogen and oxygen into said first combustion
chamber, said first injection means comprising an
annular-shaped injector member having:

(1) a first circumferentially extending water circu-
lating passageway for circulating cooling water
through said injector member;

(i1) first and second circumferentially extending gas
passageways for respectively directing flow of
hydrogen and oxygen around said injector mem-
ber; and

(ii1) a plurality of circumferentially spaced angu-
larly inwardly extending first and second gas
passageways in communication with said first
and second circumferentially extending gas pas-
sageways for respectively directing the flow of
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said hydrogen and oxygen inwardly of said n-
jector member in a substantially conically shaped
pattern;

(d) ignition means located in the first chamber for
igniting said hydrogen and oxygen, whereby the
waste introduced into said first combustion cham-
ber is pyrolyzed to produce a pyrolyzed product;

(e) outlet means for expelling said pyrolyzed product
from the first chamber;

() a second combustion chamber disposed between
said first combustion chamber and said outlet
means and configured for recetving gases flowing
from said first combustion chamber along a flow
path extending between said first and second cham-
bers;

(g) a second injection means connected to said second
combustion chamber for injecting into said second
combustion chamber selecied gaseous and particu-
late maternials;

(h) a reducing means disposed intermediate said first
and second combustion chambers for reducing the
size of the said flow path at a location intermediate
said first and second combustion chambers; and

(1) expansion means located intermediate said reduc-
ing means and said second combustion chamber for
increasing the size of said flow path at a location
intermediate said reducing means and said second
combustion chamber.

9. An apparatus as defined in claim 6, further includ-

ing means for introducing natural gas into said first
chamber.

10. An apparatus for thermal treatment of gaseous

emissions Comprising:

(a) a first combustion chamber having a first diame-
ter; |

(b) inlet means for introduction of gaseous emissions
into said first combustion chamber for flow there-
through;

(c) first injection means for injecting hydrocarbon
gas, hydrogen and oxygen into said first combus-
tion chamber in a substantially conically shaped
pattern to thermally treat the emission gases and
form a first combustion product;

(d) reducing means connected to said first combus-
tion chamber for receiving said first combustion
product, said reducing means including a throat
section having a second diameter less than said first
diameter of said first combustion chamber;

(e) first expansion means connected to said reducing
means for receiving said first combustion product,
sald expansion means having a diameter greater
than the diameter of said throat section of said
reducing means;

(f) cooling means connected to said expansion means
for cooling said first combustion product to form a
cooled product;

(g) a second combustion chamber having a first diam-
eter connected to said cooling means;

(h) second injection means connected to said second
combustion chamber for injecting into said second
combustion chamber a selected mixture of gases to
form a combustible mixture;

(1) third injection means connected to said second
combustion chamber for injecting hydrocarbon
gas, hydrogen and oxygen mto said second com-
bustion chamber in a substantially conically shaped
pattern to thermally treat said combustible mixture
and to form a second combustion product; and
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(j) outlet means for expelling said second combustion

product to atmosphere.

11. An apparatus as defined in claim 10 in which said
throat section of said reducing means includes means
for injecting a selected combustible gaseous mixture
into said first combustion product.

12. An apparatus as defined in claim 10 and further
including sensor means disposed intermediate said sec-
ond combustion chamber and said outlet means for
measuring the level of contaminates in said second com-
bustion product.

13. An apparatus as defined in claim 12, including
recirculating means disposed intermediate said second
combustion chamber and said outlet means for selec-
fively recirculating said second combustion product
through said second combustion chamber.

14. An apparatus as defined in claim 12 and further
including a third combustion chamber disposed inter-
mediate said second combustion chamber and said out-
let means.

15. An apparatus as defined 1n claim 14 and further
including fourth injection means for injecting a mixture
of hydrocarbon gas, hydrogen and oxygen into said
third combustion chamber.

16. An apparatus as defined in claim 15 and further
including means for introducing natural gas into said
first combustion chamber.

17. An apparatus as defined in claim 15 in which said
second injection means includes means for selectively
injecting a particulate material into said second combus-
tion chamber to enhance oxidation.

18. An apparatus for pyrolyzing waste materials com-
prising:

(a) a first substantially cylindrical combustion cham-

ber having a first diameter;

(b) inlet means for introducing waste and natural gas

into said first combustion chamber:

(c¢) first injection means for injecting a mixture of

hydrocarbon gas, hydrogen and oxygen into said
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first combustion chamber, said first injection means 40

comprising an annular shaped injector member

having:

(1) first, second and third spaced apart circumferen-
tially extending gas passageways for respectively
directing the flow of hydrogen, oxygen and hy-
drocarbon gas around said injector member;

(11) two circumferentially extending water circulat-
ing passageways for circulating cooling water
through said injector member, said water circu-
lating passageways being disposed intermediate
first and second, and second and third, said gas
passageways, respectively; and

(1i1) a plurality of circumferentially spaced angu-
larly mmwardly extending gas passageways in
respective communication with said first, second
and third circumferentially extending gas pas-
sageways for directing the flow of the mixture of
hydrogen, oxygen and hydrocarbon gas in-
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wardly of said injector member in a substantially
conically shaped pattern;

(d) 1ignition means located in the first chamber for
igniting said hydrogen, oxygen and hydrocarbon
gas, whereby the waste mtroduced into said first
combustion chamber 1s pyrolyzed to produce a
pyrolyzed product;

(e) first reducing means connected to said first com-
bustion chamber for reducing the size of the flow
passage through which the pyrolyzed product is
flowing, said first reducing means including a
throat section having a second diameter less than
said first diameter of said first combustion cham-
ber;

(f) first expansion means connected to said reducing
means for receiving said first pyrolyzed combus-
tion product, said expansion means having a diame-
ter greater than the diameter of said throat section
of said reducing means;

(g) cooling means connected to said expansion means
for cooling said first pyrolyzed product to form a
cooled product;

(h) 2 second combustion chamber having a first diam-
eter connected 1o said cooling means;

(1) second 1njection means connected to said second
combustion chamber for injecting into said second
combustion chamber a selected mixture of combus-
tible gases to form a combustible mixture;

(J) third injection means connected to said second
combustion chamber for injecting hydrogen, oxy-
gen and hydrocarbon gas, into said second combus-

" tion chamber in a substantially conically shaped
pattern to pyrolyze said combustible mixture and
to form a second pyrolyzed product;

(k) second expansion means connected to said second
combustion chamber, said second expansion means
having a diameter greater than said first diameter
of said second combustion chamber:;

() second reducing means connected to said second
expansion means, said second reducing means hav-
ing a diameter less than said diameter of said sec-
ond expansion mearns;

(m) recirculation means connected to said second
reducing means for recirculating said second pyro-
lyzed product through said second combustion
chamber and

(n) outiet means for expelling said second combustion
product to atmosphere.

19. An apparatus as defined in claim 18 in which said
throat section of said first reducing means includes
means for injecting a selected gaseous mixture into said
reducing means.

20. An apparatus as defined in claim 10 and further
including sensor means disposed intermediate said sec-
ond combustion chamber and said outlet means for
measuring the level of contaminates in said second com-

bustion product.
*x * * * X
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